The new naturally occurring erythromycin G (4), formally derived from erythromycin B by hydroxylation of the C-16 methyl group, and 3-O-mycarosylerythronolide B (5), an erythromycin biosynthetic intermediate previously obtained only from microorganisms blocked in erythromycin biosynthesis, were isolated from a concentrate of mother liquors derived from a culture of Saccharopolyspora erythraea. The structure of erythromycin G was defined by spectroscopic data and X-ray crystallographic analysis. Theoretical calculation of 4 has been performed at MM2 level, and the low-energy conformations have been compared with X-ray data: both theoretical and experimental approaches give similar three-dimensional shapes. Antibacterial activity of 4 against both Gram-positive and Gram-negative organisms has been evaluated. A simple method for the isolation of large amounts of erythromycins B (2) and D is provided as well.
Erythromycins are naturally occurring antibiotics of the macrolide group. This medicinally important class of natural products is characterized by a 14-membered polyhydroxyketolactone (aglycone) bearing two deoxy sugars, L-mycarose or L-cladmose (3-O-methylmycarose) on C-3 and D-desosamine on C-5. Erythromycin A (1, Fig. 1 ), a drug used to treat illnesses caused by Gram-positive and some Gram-negative bacteria, was obtained in 1952 from a culture of Saccharopolyspora erythraea (formerly Streptomyces erythreus)1) and structurally inferred in 19572,3). Subsequently, five other erythromycins were isolated from S. erythraea: erythromycins B (2)4), C5), D6), and F (3)8) were directly obtained from cultured broths of S. erythraea as primary biosynthetic compounds, whereas erythromycin E was slowly produced from erythromycin A incubated with a point-blocked mutant of the same microorganism7).
Until now, many structural analogues have been obtained in order to study biosynthetic pathways9) and their stabilities in acid10) or basic11) conditions. Now, we report the new erythromycin G (4) and the 
Results and Discussion
During HPLC examination of mother liquors derived from a high yielding production strain of S. erythraea (Biochemie Ery 1898), we found a new metabolite, which was purified by a simple method. A tert-butyl methyl ether solution of the dried mother liquors, kept at low temperature, gave a crystalline precipitate. This, subjected to open-column chromatography, gave 4 and a large amount of erythromycin D as pure compounds, and a lot of mixed erythromycins A and B. The latter was easily purified by crystallization in ethyl acetate.
From the same mother liquors we also have isolated 3-Omycarosylerythronolide B (5).
Structure Elucidation of 4
Detailed spectroscopic analyses suggested a new erythromycin for compound 4, which has thus been named erythromycin G.
The molecular formula of erythromycin G (C37H67NO13) was securely set up by low and high resolution EI-MS spectra, the first showing a very weak molecular ion (M+) at m/z 733.5 from which derives, by loss of H2O, the ion at m/z 715.45064 (C37H65NO12) recorded in the HREI-MS spectrum. This formula was also supported by 1H and 13C NMR spectra, which exhibited good dispersion of the hydroxyl at C-16 was firmly established on the basis of the following spectroscopic features (Table 1) Table 1) evidences their structural similarities, excluding the area around C-16.
In fact, the difference in 13C frequency of corresponding 0.5ppm, except C(1), C(2), C(3) and C(16) atoms. For these nuclei, in erythromycin G, the HO-C(16) produces a -1.61ppm for C-1 and C-3 respectively). Moreover, the AB pattern above described replaces the doublet at 1.35ppm of the C-16 methyl group in 2. However, 4 shows NMR data almost identical to erythromycin F12) in the C-16 zone (Table 1) .
Complete assignment of proton and carbon frequencies (Table 1) was inferred by 1D (1H, 13C, and DEPT) and 2D (1H-1H COSY, 1J 1H-13C COSY, and HMBC13)) experiments. In the flat structure of Fig. 2 , bold lines show proton correlations identified by 1H-1H COSY spectra: thus, the connectivity for the full C-skeleton of D-desosamine sugar, and partial correlations for both L-cladmose moiety and the macrocyclic system were established. These structural fragments have been fixed together (see arrows)
by long-range hetero-correlation (HMBC) experiments Table 1 ). In particular, C-2/C-13, C-5/C-7, and C-8/C-10 were connected through the ester group, the quaternary C-6 atom, and the carbonyl at C-9, respectively, establishing the erythronolide moiety. In addition, Ddesosamine and L-cladinose structures are clearly arranged by hetero correlations involving C-3" and C-3' atoms. At the end, the gross structure 4 was nearly completed by H-3-C-1', H-1'-C-3, H-5-C-1", and H-1"-C-5 correlations, which suggest the connecting-points of the two sugar moieties to the erythronolide backbone. Moreover, the molecular formula and chemical shift for C-6, C-11, C-16, C-2", and C-4' nuclei suggest that each of these C-atoms has to bear a hydroxyl group. In 1H NMR spectra, recorded in deuterated pyridine, only the OH at C-6 is clearly discerned as a broad singlet at 6.26ppm: the other hydroxyl protons resonate as very broad signals centred at 5.4 and 6.4ppm.
The above spectroscopic features support both the flat and the three-dimensional structure of erythromycin G. The close correlation of 13C NMR data of 4 and 2 or 3 suggests the absolute stereochemistry of 4 as reported in Fig. 1 . The stereochemistry is further based on X-ray crystallographic analysis of a monocrystal sample: the ORTEP picture is reported in Fig. 3 , as well as the main crystal data and the refinement method are described in Material and Methods. X-Ray crystallographic analysis of 4 pointed out also the presence of intra-and inter-molecular hydrogen bonds. On the one hand, the first originate by O2-H-O1, O7-H-O6 and O 10-H-O9 electronic interactions ( Fig. 3) with angles equal hand, intermolecular interactions derive from O5-H-O2 and a macrocyclic system holding a solvent aggregate in the centre.
Molecular-mechanics Calculation
Theoretical analysis, made by molecular-mechanics (MM) calculations15), identifies three low-strained conformations ( Fig. 4) with energy equal to 67.2, 67.8, and 68.7
kcal mol-1. On the left side of Fig. 4 , the least-energy conformer is reported with ball and stick shape; furthermore, on the right side, the three conformers are compared to put in evidence the intramolecular hydrogen bonds between O7-H-O6, O10-H-O9, and O2-H-O1 (this for one structure only) with angles agreeing nicely with Xray data. The comparison evidences their similarity, except the spatial orientation of the hydroxymethyl and ethyl groups. In fact, the high-, medium-, and low-energy conformers differ each other for having the ethyl group pointing outside, or an O2-H-O1 hydrogen bond, or the ethyl and hydroxymethyl chains in nearly parallel arrangement, respectively. The low-energy shape of 4 is just like the low-energy, "folded out" conformer of 1, The calculated conformations also show a spatial atomic distribution very similar to the X-ray results: in Table 2 
3-O-Mycarosyl-erythronolide B
Full NMR spectra of 5 have been acquired (Table 1) Finally, this is the first time that 5 has been isolated from non-blocked microorganisms. The concentrate of mother liquors (310mg), after selective crystallisation of 1, 2, erythromycin D and 4 from tert-butyl methyl ether, subjected to semi-preparative HPLC, gave pure compound 5 at Rt=17.6 (12.6mg).
Erythromycin G (4) [3R-(3R*, 4S*, 5S*, 6R*, 7R*, 9R*, 11R*, 12R*, 13S*, 14R*)]-ranosyl)oxy]-14-ethyl-7, 12-dihydroxy-3-hydroxymethyl-5,7,9,11,13-pentamethyl-6-[ [3,4,6- 
3-O-Mycarosylerythronolide B (5)
[3R-(3R*, 4S*, 5S*, 6R*, 7R*, 9R*, 11R*, 12R*, 13S*, 14R*)]-14-ethyl-6,7,12-trihydroxy-3,5,7,9,11,13-hexamethyloxacyclotetradecane-2,10-dione. 1H and 13C NMR (CDCl3) data are reported in Table 1 Table 3 .
